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Background: Different foot postures are associated with alterations in foot function, kinetics and the subsequent
occurrence of injury. Little is known about changes in foot posture following prolonged weightbearing exercise.
This study aimed to identify changes in foot posture after running a half marathon.
Methods: Foot posture was measured using the Foot Posture Index (FPI-6) and navicular height in thirty volunteer
participants before and after running a half marathon. FPI-6 scores were converted to Rasch logit values and means
compared for these and navicular height using an ANOVA.
Results: There was a 5 mm drop in navicular height in both feet when measured after the half marathon (P < 0.05).
The FPI-6 showed a side x time interaction with an increase in score indicating a more ‘pronated’ position in the left
foot of + 2 [Rasch value + 1.7] but no change in the right foot (+ 0.4 [+ 0.76]) following the half marathon.
Conclusion: The apparent differences between the FPI-6 and navicular height on the right foot may be because the
FPI-6 takes soft tissue contour changes into consideration whilst the navicular height focuses on skeletal changes. The
changes in foot posture towards a more pronated position may have implications for foot function, and therefore risk
of injury; shoe fit and comfort and also the effect of therapeutic orthoses worn during prolonged running.
Keywords: Fatigue, Foot posture, Half marathon, Running, Pronation, Prolonged, Navicular heightBackground
Pain and pathology affecting both bone and soft tissues
due to mechanical overuse during prolonged running or
walking have been frequently reported in the literature
[1-11]. The foot has been reported to be the site of injury in
long distance runners in 5.7- 39.3% of all reported running
injuries compared to the ankle (3.9% to 16.6%), knee
(7.2% to 50.0%) and lower leg (9.0% to 32.2%) [9].
A factor possibly linked to the incidence of lower limb
injuries in athletes is foot posture. Relationships between
occurrence of injury and foot posture have been shown
in several studies [1,12,13] although with inconsistent
findings. Burns et al. [13] investigated the effect of foot* Correspondence: emma.cowley@plymouth.ac.uk
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distribution, and reproduction in any mediumtype on injury rates in 131 triathletes. They reported that
supinated feet appeared to be related to higher rates of
injury than pronated feet. This study, however, excluded
foot orthosis wearers and, since it is mostly those with
very pronated feet who wear foot orthoses, the authors
acknowledge that they may have excluded a potentially
important subgroup from the study. Burns et al.’s study
builds on the findings of Cowan et al. [1] who investigated
injury rates in 246 US Army infantry recruits and found
that of the ‘high’, ‘normal’ and ‘low’ arched feet among
the recruits that the low arched feet were at the least
risk of injury with normal and high arched feet show-
ing higher injury rates. Whilst these studies concurred
that highly arched feet appear to be at greater risk of
injury Williams et al. [14] surveyed twenty long dis-
tance runners with highly arched feet and 20 with low
arches and found that both groups reported high levelsCentral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly cited.
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lysis of the data, however, revealed that the high arched
runners tended to sustain more lateral foot and ankle
injuries while those with low arches tended to sustain
more medial foot and ankle injuries. These findings
were consistent with their centre of pressure pathways
which remained more medial in low arched individuals
and more lateral in high arched individuals during a
short, non-fatiguing run.
The effects of prolonged, more fatiguing exercise of
the lower limb have also been investigated but still
little is known about this affects the biomechanics
and function of the foot and ankle [2,15-20]. The response
to prolonged cyclic mechanical stress has been investigated
in a repeated measures cohort study of 22 ultra-marathon
runners [3]. This study found significant signs of strain
and imminent pathology with soft tissue changes and
bone marrow lesions being apparent during and after
the race [3,20].
Since foot posture has been linked in some studies to
varying function within the foot [21-23] any change in
foot posture during prolonged running could also lead
to a change in function and an associated risk of injury
[1,24]. This study aims to assess the changes with foot
posture immediately following a half marathon.
Measuring foot posture in fatigued athletes requires
the use of validated, reliable and quick tools that could
be performed simultaneously on several athletes. This
precluded the use of a pedobarograph and a clinical test
was deemed to be the most suitable. The foot posture
index (FPI-6) and navicular height have been shown to
have acceptable and good validity respectively [25] and
are both quick tests to perform. Cornwall et al. [26]
found that the FPI-6 had high intra-rater reliability but
only moderate inter-rater reliability when used on both
feet of 46 adult participants and similar findings were
reported by Evans et al. [27] in 30 adult participants.
Navicular height has also been tested for intra-rater
and inter-rater reliability with better overall outcomes
[27-29]. Evans et al. also found good inter-rater reliability
for the truncated navicular height test and this concurs
with findings by Williams and McClay [30] who found a
moderate outcome with an intra-class coefficient (ICC)
of 0.61 for this measurement between two testers in the
navicular height test. Since the FPI-6 and navicular
height were to be tested under timed and somewhat
pressured conditions it was deemed necessary by the
authors to establish the inter-rater reliability for these
tests under the same conditions.
This study therefore aimed to measure the change in
foot posture after running a half marathon using the
FPI-6 tool and navicular height test. Such changes may
have implications for shoe comfort and altered foot
function at different stages of a long distance run.Methods
Ethical approval was sought and granted by Plymouth
University, Faculty of Health ethics committee.
Sample size calculations
Previous work on 3968 army recruits found that the
navicular height was 40.4 mm ± 7.2 for people defined
as having a normal plantar shape [31]. We estimated
that to detect a 10% change in navicular height following
the half marathon (an effect size of 0.4/7.2 = 0.56) would
require 30 participants (power = 0.85; α = 0.05).
Recruitment of participants
The study was advertised by the Plymouth Half Marathon
website and Plymouth University website and the advert
highlighted the need for healthy volunteers registered to
run the Plymouth Half Marathon and who had no foot
pain or pathology. Exclusion criteria was any participant
with a history of significant foot injury or surgery, current
foot pain or on-going use of foot orthoses, a diagnosis of
diabetes mellitus or arthritis affecting foot and ankle joints.
No volunteers were excluded upon initial assessment
and the first 30 gave informed consent (12 female and 18
male, aged 20–53 yrs (median 35 yrs), BMI range 16.6-29.7
(median 24.6)). Footwear was not controlled for in this
study although no runners trained or raced in footwear
deemed by the primary author to be unsuitable for their
foot type. Most runners wore ‘stability’ type running
shoes. All footwear worn by the participants was in
good condition and runners were advised to tie shoe
laces well in order to minimise foot slippage in the
shoe and ensure a good fit throughout the race.
Data collection
The second tester (MM) was an inexperienced podiatrist
and so significant time and training was given by the
primary author (EC) to ensuring competence in using both
the FPI-6 tool and measuring navicular height. Inter-rater
reliability testing was undertaken on 10 healthy participants
who were measured by each rater 10 minutes apart. The
ICC was calculated in SPSS (version 20 IBM). The ICC for
the FPI-6 was 0.99 and 0.98 for navicular height indicating
excellent reliability.
In the week prior to the half marathon participants
attended a pre-race measurement session in a non-fatigued
state having been instructed not to run on the day. The
primary author (EC) who was a podiatrist of fourteen
years’ experience collected all the pre-race data.
Height, weight and age were recorded and then partici-
pants stood in relaxed stance with each foot on an analogue
weighing scale and a 10 cm inter-malleolar gap. With
weight evenly distributed across each foot the Foot Posture
Index (FPI-6) score was recorded. Similarly navicular height
at the most medially prominent point of the navicular
Table 1 Pre and post-race mean FPI-6 (Rasch logit value)
and Navicular height measures are indicated
(± standard deviation)
Parameter Pre-race Post-race
Left Right Left Right
Navicular Height (mm) 46.4±6.5 48.4±8.0 42.2±6.6 43.2±4.8
FPI-6 1.8±1.5 1.3±2.2 3.4±2.3 2.1±2.2
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described by described by Brody [32] and records
were kept using the runners’ race numbers to identify
participants. The participants were given instructions
for race day to immediately attend the research station
for post-race measurement, using the same measures, in
their fatigued state.
Both EC and MM undertook post-race data collection
due to the runners arriving at the research station in
quick succession although EC was the default first choice
where both data collectors were available and she collected
the majority of data. By ensuring the next available
data collector recorded the measurements the time to
measurement for the runners remained under five minutes
from the race finish time and ensured the runners were
measured in their fatigued state. All runners arrived at the
station, were seated and asked to remove their footwear by
helpers in the research team and briefly questioned and
examined for injuries sustained during the race. Minor
injuries such as open erosion lesions, blisters and toe
nail lysis were not considered likely to affect FPI-6 or
navicular height unless they directly affected the areas
needed to record the data. No runners sustained injuries
in these areas. Furthermore, more serious injuries such
as ankle sprains, or significant musculoskeletal pain
would have affected the measurements and participants
would have been excluded from the study in this instance.
No runners were found to have sustained such injuries
and all thirty remained in the study.
It was an ethical consideration that runners would be
considerably fatigued after the race and would possibly
require immediate rest and refreshment prior to meas-
urement. This was allowed for during the initial seating
and shoe removal stage where members of the research
team aided them in shoe removal if necessary and ensured
they were able to stand in order to be measured. One
runner felt faint upon arrival at the station and was allowed
time to eat a snack in order for him to be able to stand
safely on the research stand and another suffered calf
cramps for a couple of minutes prior to data collection but
we were still able to obtain measurements within the five
minutes following their race finish times. To ensure that
weight was evenly distributed between left and right feet
and that upright posture was maintained during measure-
ment the runners placed each foot on an analogue weighing
scale, as in the pre-race measurement, and data were only
recorded when each foot was taking 50% of bodyweight.
The stand also included a waist height hand rail in front of
the runner to enable them to maintain balance.
Statistical analysis
The FPI-6 is an ordinal tool and as such is not suited to
parametric statistical testing. The original Foot Posture
Index in both its original 8 factor form and latter 6 factorform was analysed using the Rasch model by Keenan et al.
[33] and as part of the process each FPI-6 factor measure-
ment was attributed a ‘logit’ value to represent the tool’s
ordinal data points. The logit values described by Keenan
et al. [33] enable this study’s FPI-6 data to be analysed
using parametric tests using the sum logit scores for each
participant. The Rasch scores can be interpreted in the
same way as the ordinal scores as they still directly relate
to a positive and negative (pronated – supinated) scale as
the original FPI-6 scale.
Navicular height and Rasch logit converted foot posture
index scores were normally distributed as determined by
the Kolmogorov-Smirnov test (P > 0.05) and parametric
tests were therefore selected. Results were analysed in
SPSS (version 20 IBM) using a repeated measures analysis
of variance with factors being TIME (pre vs post-race) and
SIDE (right vs left). A stepwise multiple regression investi-
gated the relationship between the change in foot posture
as measured using the FPI-6 or navicular height and the
persons’ age, gender, BMI, race time and pre-race foot
posture. Results were taken as significant if p < 0.05; mean
and standard deviations are reported unless indicated.
Results
Thirty people were assessed (12 female and 18 male, aged
20–53 yrs (median 35 yrs), with a BMI range of 16.6-29.7
(median 24.6)). The average time to complete the race
was 124.6 ± 2.4 minutes. Baseline median FPI-6 was + 3
(ordinal score) for both feet (Inter Quartile range = 3.5) and
median navicular height was 47 mm (mean = 47.39 mm).
The pre and post-race results are shown in Table 1.
Navicular height
Mean navicular height significantly decreased following
the half marathon by 5 mm (TIME F (1,29) = 26.9
p < 0.001, Figure 1A). There was no effect of side or side x
time interaction.
Foot posture index
The FPI-6 scores [Rasch logit values] significantly increased
following the half marathon (TIME F (1,29) = 15.9
p < 0.001). There was a significant time x side interaction
(TIME X SIDE F (1,29) = 15.1 p < 0.001). The interaction
indicates that following the half marathon the FPI-6 scores
increased significantly more on the left [+ 1.7] and although
Figure 1 Change in navicular height (A) and FPI-6 (B) with a half marathon. Decreases in navicular height and increases in positive FPI-6
values indicate an increase in pronated foot position. Mean ±SEM is indicated.
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significant (Figure 1B).
Relationship between participant characteristics and
change in foot posture
There was no relationship between the change in FPI-6
scores or navicular height with the half marathon and
the participants’ age, gender, BMI, race time or pre-race
foot posture as assessed by the average FPI-6. Where
the mean pre-race navicular height (pre_n) was higher
there was a significantly greater drop in navicular height
post-race (ch_n) (R2 = 0.39, F(1,27) = 17.05 P < 0.001;
ch_n = −0.45 x pre_n +17).
Discussion
This study showed that arch height tended to decrease
after running a half marathon although there were
differences between the two measures used. Age, gender,
BMI, race time did not predict the change in arch height.
The change in arch height was larger in people with a
higher pre-race navicular height.
A significant drop was seen in the left FPI only. This
may reflect the influence of leg dominance resulting in
differences in lower limb kinematics and kinetics between
the two sides. However, this is speculative and leg domin-
ance was not recorded in the current study. A more likely
explanation is that this reflects the limited sample size; to
detect an effect size of 0.38 on the right would require a
sample size of 137 participants (power = 0.85 α = 0.05).
The definition of foot pronation by Root et al. [34]
describes the arch lowering through subtalar joint
pronation as one of the observable clinical signs. More
recently Nester [35] reviewed experimental evidence
which challenged Root’s explanation of the arch lowering
primarily through subtalar joint pronation. Nester indicated
that arch lowering through sagittal plane plantarflexion and
frontal plane eversion is found variably between individuals
to be comprised of movement primarily at the ankle and
talonavicular joint and to a lesser extent through the other
tarsal joints. It is difficult, therefore, to infer which soft
tissue structures may be yielding in any one individualto lower the arch under weightbearing conditions following
a prolonged run. It is possible that creep of passive soft
tissues upholding the medial longitudinal arch may have
occurred and also muscle fatigue in anti-pronatory muscles.
The arch profile frequently changes upon weightbearing
and so the navicular moves as a result of whichever
combination of joint movements has occurred, and can be
used as a measure of the weightbearing response of the foot
which is known clinically as pronation and supination [36].
Another effect of exercise, however, is the perfusion
of blood to the muscles of the foot which results in
engorgement and an increase in volume. The muscles
closest to the skin in the medial longitudinal arch contrib-
ute to the maintenance of arch height [37] and so would
likely be placed under considerable work during a half
marathon with significant engorgement occurring during
a race. Since the increase in volume would fill the medial
longitudinal arch space this would give the impression of
lowering of the arch irrespective of navicular height. Indeed
some feet appeared to have increased in volume at the
medial midfoot perhaps resulting from increased perfusion
to the abductor hallucis and other local muscles. Engorge-
ment and an increase in blood volume could potentially
affect the interpretation of the FPI, which is done visually,
whilst the measure of navicular height to a bony landmark
should be unaffected.
Anecdotally the testers noticed an apparent abduction
of the forefoot relative to the rearfoot post-race which
may result from fatigue of the medial foot soft tissues
which are the stabilisers of the tarsus in the transverse
plane. This could even be a distortion of the shape of
the foot due to superficial muscular engorgement both
medially and laterally. It would be useful to investigate
the transverse plane response of the foot to prolonged
running and walking in future studies.
The navicular height pre-race was ~ 5 mm higher than
that recorded by Swedler et al. [31] in large scale study
of army recruits. This may reflect the difference in the
points of measurement; the inferior border of the navicular
bone in the study by Swedler et al. [31] and the navicular
tuberosity in the current study. One of the drawbacks with
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height to the length of the foot. People with larger feet
would tend to have a higher navicular height and show a
larger change in height after running. This may explain
why a significant relationship was seen between the change
in navicular height and the pre-race navicular height.
However, the FPI-6 also showed an increase in pronated
position and this tool does not normalise for foot length.
The fact that the degree of navicular drop was not related
to the pre-race FPI score whilst this was related to pre-race
absolute navicular height suggests that the degree of arch
lowering is the same regardless of foot length.
Time to return to baseline FPI-6 score and navicular
height was not recorded for the participants and further
research into this might be useful. The cause of the
changes in foot posture seen in this study are not clear
and could be the result of damage to soft tissues or
yielding within elastic limits in the soft tissues due to
neuromuscular and mechanical fatigue. The impact of
these changes on foot and ankle function is also unknown
nor the effect of running a longer distance than a 13.1
mile half marathon. The changes may indeed be clinically
significant enough to predispose the bones, joints and
soft tissues to damages if running were to continue
after the changes have taken place, for example in a full
marathon. The levels of pain anecdotally reported after
the race by the runners were not considered to indicate
significant injury but this may be erroneous due to
general systemic fatigue and raised endorphin levels
which have been reported in trained athletes during
sporting activity [38] The perception of pain and function
may be potentially important in modification of activity
after clinically significant changes have occurred and
should be investigated further.
We did not control for footwear in this study although
discussion about footwear was offered in the pre-race data
collection sessions and advertised as an incentivisation for
the study. Participants were advised to continue with their
planned footwear for the race and consider any advice
given by the researcher EC when only buying new training
footwear in future. Participants were advised on lacing
techniques, however for the race to ensure that shoes
fitted well to reduce the risk of skin erosions.
Biomechanical studies of low and high arched runners
have, demonstrated an effect of cushioning and motion
control sports shoes on the biomechanics of the lower
limb during treadmill running [39]. They found that low
arched runners have more internal tibial rotation when
wearing cushion shoes and less when wearing motion
control shoes whilst no effect on internal tibial rotation
was seen in high arched runners. As internal rotation is
associated with foot pronation, this suggests that the
type of shoe may be a factor in determining changes in
foot posture with running.Conclusions
This study showed a change in foot posture to a more
pronated position following running a half marathon
race. The magnitude of increase in pronated foot position
in different foot types, changes in function and time to
recover original foot posture and the impact of footwear
are not yet known. Clinicians managing running injuries
relating to pronated foot position may find the results of
this study helpful when considering therapies in long
distance runners.
Competing interest
The authors declare that they have no competing interests.
Authors’ contribution
EC was responsible for study design, data collection and analysis and
dissemination. JM was responsible for study design, ethics application, analysis
and dissemination. Both authors read and approved the final manuscript.
Received: 21 November 2012 Accepted: 19 May 2013
Published: 24 May 2013
References
1. Cowan DN, Jones BH, Robinson JR: Foot morphologic characteristics and
risk of exercise-related injury. Arch Fam Med 1993, 2:773–777.
2. Clansey AC, Hanlon M, Wallace ES, Lake MJ: Effects of fatigue on running
mechanics associated with tibial stress fracture risk. Med Sci Sports Exerc
2012, 44:1917–1923.
3. Freund W, Weber F, Billich C, Schuetz UH: The foot in multistage
ultra-marathon runners: experience in a cohort study of 22 participants of
the trans europe footrace project with mobile MRI. BMJ Open 2012, 2:1–8.
4. Gefen A: Biomechanical analysis of fatigue-related foot injury mechanisms
in athletes and recruits during intensive marching. Med Biol Eng Comput
2002, 40:302–310.
5. Korpelainen R: Risk factors for recurrent stress fractures in athletes.
Am J Sports Med 2001, 29:304–310.
6. Miller RH, Lowry JL, Meardon SA, Gillette JC: Lower extremity mechanics of
iliotibial band syndrome during an exhaustive run. Gait Posture 2007,
26:407–413.
7. Ting A, King W, Yocum L, Antonelli D, Moynes D, Kerlan R, Jobe F, Wong L,
Bertolli J: Stress fractures of the tarsal navicular in long-distance runners.
Clin Sports Med 1988, 7:89–101.
8. Trappeniers L, De Maeseneer M, De Ridder F, Machiels F, Shahabpour M,
Tebache C, Verhellen R, Osteaux M: Can bone marrow edema be seen
on STIR images of the ankle and foot after 1 week of running?
Eur J Radiol 2003, 47:25–28.
9. Van Gent RN, Siem D, Van Middelkoop M, Van Os AG, Bierma-Zeinstra SMA,
Koes BW: Incidence and determinants of lower extremity running injuries in
long distance runners: a systematic review. Br J Sports Med 2007, 41:469–480.
10. Willems TM, De Clercq D, Delbaere K, Vanderstraeten G, De Cock A,
Witvrouw E: A prospective study of gait related risk factors for
exercise-related lower leg pain. Gait Posture 2006, 23:91–98.
11. Yates B, White S: The incidence and risk factors in the development of medial
tibial stress syndrome among naval recruits. Am J Sports Med 2004, 32:772–780.
12. Sommer HM, Vallentyne SW: Effect of foot posture on the incidence of
medial tibial stress syndrome. Med Sci Sports Exerc 1995, 27:800–804.
13. Burns J, Keenan AM, Redmond A: Foot type and overuse injury in
triathletes. J Am Podiatr Med Assoc 2005, 95:235–241.
14. Williams DS 3rd, McClay IS, Hamill J: Arch structure and injury patterns in
runners. Clin Biomech 2001, 16:341–347.
15. Hreljac A, Marshall RN, Hume PA: Evaluation of lower extremity overuse
injury potential in runners. Med Sci Sports Exerc 1999, 32:1635–1641.
16. Millet GY, Martin V, Lattier G, Ballay Y: Mechanisms contributing to knee
extensor strength loss after prolonged running exercise. J Appl Physiol
2003, 94:193–198.
17. Nagel A, Fernholz F, Kibele C, Rosenbaum D: Long distance running increases
plantar pressures beneath the metatarsal heads: a barefoot walking
investigation of 200 marathon runners. Gait Posture 2008, 27:152–155.
Cowley and Marsden Journal of Foot and Ankle Research 2013, 6:20 Page 6 of 6
http://www.jfootankleres.com/content/6/1/2018. Wu W-L, Chang J-J, Wu J-H, Guo L-Y, Lin H-T: EMG and plantar pressure
patterns after prolonged running. Biomedical Engineering: Applications,
Basis and Communications 2007, 19:383–388.
19. Mizrahi J, Russek D, Verbitsky O: The influence of fatigue on EMG and
impact acceleration in running. Basic Appl Myol 1997, 7:111–118.
20. Karagounis P, Prionas G, Armenis E, Tsiganos G, Baltopoulos P: The impact
of the spartathlon ultramarathon race on athletes’ plantar pressure
patterns. Foot Ankle Spec 2009, 2:173–178.
21. Levinger P, Murley GS, Barton CJ, Cotchett MP, McSweeney SR, Menz HB:
A comparison of foot kinematics in people with normal- and flat-arched
feet using the oxford foot model. Gait Posture 2010, 32:519–523.
22. Nachbauer W, Nigg B: Effects of arch height of the foot on ground
reaction forces in running. Med Sci Sports Exerc 1992, 24:1264–1269.
23. Chuckpaiwong B, Nunley JA, Mall NA, Queen RM: The effect of foot type
on in-shoe plantar pressure during walking and running. Gait Posture
2008, 28:405–411.
24. Murley GS, Menz HB, Landorf KB: Foot posture influences the
electromyographic activity of selected lower limb muscles during gait.
J Foot Ankle Res 2009, 2:35.
25. Menz HB: Validity of 3 clinical techniques for the measurement of static
foot posture in older people. J Orthop Sports Phys Ther 2005, 35:479–486.
26. Cornwall MW, McPoil TG, Lebec M, Vicenzino B, Wilson J: Reliability of the
modified foot posture index. J Am Podiatr Med Assoc 2008, 98:7–13.
27. Evans AM, Copper AW, Scharfbillig RW, Scutter SD, Williams MT: Reliability
of the foot posture index and traditional measures of foot position.
J Am Podiatr Med Assoc 2003, 93:203–213.
28. Vinicombe A, Raspovic A, Menz HB: Reliability of navicular displacement
measurement as a clinical indicator of foot posture. J Am Podiatr Med
Assoc 2001, 91:262–268.
29. Shrader JA, Popovich JM, Gracey GC, Danoff JV: Navicular drop
measurement in people with rheumatoid arthritis: interrater and
intrarater reliability. Phys Ther 2005, 85:656–664.
30. Williams DS, McClay IS: Measurements used to characterize the foot and the
medial longitudinal arch: reliability and validity. Phys Ther 2000, 80:864–871.
31. Swedler DI, Knapik JJ, Grier T, Jones BH: Validity of plantar surface visual
assessment as an estimate of foot arch height. Med Sci Sports Exerc 2010,
42:375–380.
32. Brody DM: Techniques in the evaluation and treatment of the injured
runner. Orthop Phys Ther Clin N Am 1982, 13:541–558.
33. Keenan A-M, Redmond AC, Horton M, Conaghan PG, Tennant A: The foot
posture index: rasch analysis of a novel, foot-specific outcome measure.
Arch Phys Med Rehabil 2007, 88:88–93.
34. Root ML, Orien WP, Weed JH: Normal and abnormal function of the foot.
Los Angeles: Clinical Biomechanics Corps; 1977.
35. Nester CJ: Lessons from dynamic cadaver and invasive bone pin studies:
do we know how the foot really moves during gait? J Foot Ankle Res
2009, 2:18.
36. Menz HB: Alternative techniques for the clinical assessment of foot
pronation. J Am Podiatr Med Assoc 1998, 88:119–129.
37. Headlee DL, Leonard JL, Hart JM, Ingersoll CD, Hertel J: Fatigue of the
plantar intrinsic foot muscles increases navicular drop. J Electromyogr
Kinesiol 2008, 18:420–425.
38. Scheef L, Jankowski J, Daamen M, Weyer G, Klingenberg M, Renner J,
Mueckter S, Schürmann B, Musshoff F, Wagner M, Schild HH, Zimmer A,
Boecker H: An fMRI study on the acute effects of exercise on pain
processing in trained athletes. Pain 2012, 153:1702–1714.
39. Butler RJ, Hamill J, Davis I: Effect of footwear on high and low arched
runners’ mechanics during a prolonged run. Gait Posture 2007, 26:219–225.
doi:10.1186/1757-1146-6-20
Cite this article as: Cowley and Marsden: The effects of prolonged
running on foot posture: a repeated measures study of half marathon
runners using the foot posture index and navicular height. Journal of
Foot and Ankle Research 2013 6:20.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
